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The Cd 11 atom in the title compound, [Cd(C 5 H 10 NS 2 )2- 
(CioH 8 N 2 )], exists in an N 2 S 4 donor set denned by two 
chelating dithiocarbamate anions as well as a 2,2'-bipyridine 
ligand. The coordination geometry approximates a trigonal 
prism. The crystal packing features weak C— H- ■ S inter- 
actions, leading to linear supramolecular chains along the a 
axis. The primary connections between these are by tt-tt 
stacking interactions [ring centroid distance between centro- 
symmetrically related pyridyl rings = 3.7455 (10) A]. Overall, 
the crystal structure may be described as comprising double 
layers of molecules that stack along the b axis. 

Related literature 

For related structures of pyridyl adducts of cadmium dithio- 
carbamtes, see: Song & Tiekink (2009); Broker & Tiekink 
(2011); Jamaluddin et al. (2011). 




Experimental 

Crystal data 

[Cd(C 5 H 10 NS 2 ) 2 (C 10 H s N 2 )] 

M, = 565.10 

Monoclinic, P2Jn 

a = 9.6061 (2) A 

b = 28.6277 (4) A 

c = 9.8187 (2) A 

/3 = 112.860 (2)° 

Data collection 

Oxford Diffraction Xcaliber Eos 

Gemini diffractometer 
Absorption correction: multi-scan 

(CrysAlis PRO; Oxford 

Diffraction, 2010) 

r min = 0.853, 7/ m „ = 0.941 



Refinement 

R[F 2 > 2a(F 2 )] = 0.022 

wR(F 2 ) = 0.053 

S = 1.03 

5700 reflections 



V = 2488.07 (8) A 3 
Z = 4 

Mo Ka radiation 
jtt = 1.23 mm -1 
T = 150 K 

0.17 x 0.13 x 0.05 mm 



53095 measured reflections 
5700 independent reflections 
5013 reflections with I > 2o(I) 
R iM = 0.048 



268 parameters 

H-atom parameters constrained 
A/w = 0.42 e A~ 3 
Ap mi „ = -0.30 e A~ 3 



Table 1 



Selected bond lengths (A). 


Cd-Sl 


2.6463 (5) 


Cd 


-S4 


2.6490 (5) 


Cd-S2 


2.7128 (5) 


Cd 


-N3 


2.4122 (14) 


Cd-S3 


2.6518 (5) 


Cd 


-N4 


2.4191 (15) 


Table 2 


geometry (A, °). 








Hydrogen-bond 








D-H ■ A 


D-H 


H- ■ A 


D-A 


D-H- - A 


C18-H18---S2 1 


0.95 


2.78 


3.712 (2) 


167 



t Additional correspondence author, e-mail: aibi@ukm.my. 



Symmetry code: (i) x — l,y, z. 

Data collection: CrysAlis PRO (Oxford Diffraction, 2010); cell 
refinement: CrysAlis PRO; data reduction: CrysAlis PRO 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) 
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) 
molecular graphics: ORTEP-3 (Farrugia, 1997) and DIAMOND 
(Brandenburg, 2006); software used to prepare material for publi- 
cation: publCIF (Westrip, 2010). 

The authors thank Universiti Kebangsaan Malaysia (UKM- 
GUP-NBT-08-27-111), the Ministry of Higher Education 
(UKM-ST-06-FRGS0092-2010), Universiti Putra Malaysia 
and the University of Malaya for supporting this study. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: HB5834). 
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(2,2'-Bipyridine-A^A r ^V)bis(A'-isopropyl-A L methyldithiocarbamato- )cadmium 
N. A. A. Wahab, I. Baba, M. I. Mohamed Tahir and E. R. T. Tiekink 

Comment 

In continuation of systematic structural studies of various pyridyl adducts of cadmium dithiocarbamates (Song & Tiekink, 
2009; Broker & Tiekink, 2011; Jamaluddin et al, 2011), the title compound Cd[S 2 CN(Me)iPr) 2 ]2(2,2'-bipyridine), (I), was 

investigated. The Cd 11 atom is coordinated by two dithiocarbamate ligands, each essentially forming symmetric Cd — S 
bonds, and a symmetrically chelating 2,2'-bipyridine ligand, Fig. 1 and Table 1 . The equivalence in the Cd — S bond distances 
is reflected in the narrow range of associated C— S bond distances, i.e. 1.7168 (18) to 1.7290 (17) A. A small twist is noted 
between the pyridyl rings of the 2,2'-bipyridine ligand as seen in the dihedral angle of 9.25 (9) ° formed between the rings. 
The N2S4 donor set defines a distorted trigonal prismatic geometry. 

The crystal packing of (I) features linear supramolecular chains along the a axis that are sustained by C — H - S interac- 
tions, Fig. 2 and Table 2. Chains lie in the ac plane and inter-digitate via n-n interactions with centrosymmetrically related 

layers to form a double layer [ring centroid(N3-pyridyl)-ring centroid(N3-centroid)' = 3.7455 (10) A for i: 2 - x, 1 - y, 1 
- z]. Double layers stack along the b axis and are separated by hydrophobic interactions, Fig. 3. 

Experimental 

The title compound was prepared using an in situ method by the addition of carbon disulfide (0.02 mol) to an ethanolic 
solution (20 ml) of methylisopropropylamine (0.02 mol) and 2,2-bipyridine (0.01 mol) in ethanol (20 ml). The mixture was 
stirred for 1 h at 277 K. The resulting solution was added drop-wise to a solution of cadmium(II) dichloride (0.01 mol) in 
ethanol (20 ml). The mixture was stirred 3 h. The yellowish precipitate was filtered, washed with cold ethanol and dried 
in a desiccator. Recrystallization was from ethanolxhloroform (1:2 v/v) to yield yellow prisms of (I). Mpt. 473.6-475.2 
K. Elemental analysis. Found (calculated) for C22H32CCIN4S4: C, 42.63 (42.51); H 4.48 (4.99); N 10.74 (9.91); S 21.80 
(22.70) %. UV (CHCI3) W 283.5 and 261.0 nm (L{n) L{n*)). IR (KBr): v(C— H) 2928 s; v(C-N) 1565 s; v(N— C) 

1468 m; v(C-S) 970 s; v(Cd— S) 381 s cm" 1 . 
Refinement 

Carbon-bound H-atoms were placed in calculated positions (C — H 0.95 to 1.00 A) and were included in the refinement in 
the riding model approximation, with £/j S0 (H) set to 1.2 to 1.5£/ e q U j v (C). 
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Fig. 1 . The molecular structure of (I) showing displacement ellipsoids at the 50% probability 
level. 



Fig. 2. A view of the linear supramolecular chain long the a axis in (I) mediated by C — H— S 
interactions (orange dashed lines) along the a axis. 



Fig. 3. A view in projection down the a axis of the crystal packing in (I) highlighting the n-n 
interactions (shown as purple dashed lines). 



(2,2'-Bipyridine-K 2 iV,iV l )bis(iV-isopropyl- 

Crystal data 

[Cd(C 5 H 10 NS 2 )2(CioH 8 N 2 )] 
M,-= 565.10 
Monoclinic, P2\ln 
Hall symbol: -P 2yn 
a = 9.6061 (2) A 
6 = 28.6277 (4) A 
c = 9.8187 (2) A 
(3= 112.860 (2)° 

V= 2488.07 (8) A 3 
Z=4 

Data collection 

Oxford Diffraction Xcaliber Eos Gemini 
diffractometer 

Radiation source: fine- focus sealed tube 
graphite 

Detector resolution: 16.1952 pixels mm" 1 
co scans 



'-methyldithiocarbamato-K 2 S,S')cadmium 



F(000) = 1152 

D x = 1.509 MgirT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 26576 reflections 

6 = 2-29° 

H = 1.23 mm 1 

T= 150 K 

Prism, yellow 

0.17 x 0.13 x 0.05 mm 



5700 independent reflections 

50 1 3 reflections with / > 2a(I) 
R int = 0.048 

Qmax ~~ 27.5 , 0 m j n — 2.4 
h = -12-^12 
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Absorption correction: multi-scan 

(CrysAlis PRO; Oxford Diffraction, 20 10) -37^37 

r min = 0.853, T max = 0.941 / = -12-»12 
53095 measured reflections 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2a(F*)] = 0.022 
wRiF 2 ) = 0.053 
S= 1.03 

5700 reflections 
268 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = l/[c 2 (F 0 2 ) + (0.023P) 2 + 0.97 19P] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max = 0.002 
Ap ma x = 0.42eA" 3 
Ap mi „ = -0.30eA" 3 



Special details 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; correlations between 
s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell s.u.'s is 
used for estimating s.u.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , conventional 
R- factors R are based on F, with F set to zero for negative F . The threshold expression of F > 2o(F ) is used only for calculating R- 
factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters 





X 


y 


z 


TJ- *ITJ 


Cd 


1.074719 (14) 


0.619541 (4) 


0.837624 (13) 


0.02469 (5) 


SI 


1.13178 (5) 


0.638504(17) 


1.11803 (5) 


0.02979 (10) 


S2 


1.37352 (5) 


0.615697 (17) 


1.01159 (5) 


0.03243 (10) 


S3 


0.88132 (5) 


0.688040 (16) 


0.71256 (5) 


0.03348 (11) 


S4 


1.10292 (5) 


0.651618(17) 


0.59657 (5) 


0.03368 (11) 


Nl 


1.42420 (16) 


0.63344 (5) 


1.29241 (16) 


0.0285 (3) 


N2 


0.91865 (17) 


0.72387 (5) 


0.47972 (17) 


0.0313 (3) 


N3 


1.09345 (17) 


0.54076 (5) 


0.75929 (16) 


0.0282 (3) 


N4 


0.87517 (16) 


0.56931 (5) 


0.84481 (16) 


0.0292 (3) 


CI 


1.32019 (19) 


0.62947 (6) 


1.15504 (19) 


0.0254 (3) 


C2 


1.5853 (2) 


0.63217 (9) 


1.3206 (2) 


0.0448 (5) 


H2A 


1.6125 


0.6009 


1.2987 


0.067* 


H2B 


1.6444 


0.6397 


1.4245 


0.067* 


H2C 


1.6070 


0.6551 


1.2573 


0.067* 
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Atomic displacement parameters (A 2 ) 
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U.U40U yi-Z.) 


A AA 1 0 /'OA 

u.uuiz (y ) 


A A 1 AO /QA 

u.uiu3 (y j 


A A1 1 7 /I AA 

U.U1 1 / t^iuj 


C3 


A ATCC /OA 

U.UZjj (o ) 


A AOQA (\ A A 


A AOO.Q /QA 

u.uzjy (y ) 


A AAAA /7A 

U.UUUU ( / J 


A AAA 1 (H\ 

u.uuy i { / ) 


A AA 1 /C /7A 

U.UU10 y 1 ) 


C4 


a acoa / 1 a\ 
U.UjZU (14J 


A A/COC /1 ^.A 

U.UOZo (1 D) 


A A/1 10 n O.A 

U.U4 1Z ^ 1 j) 


A A1 AO (\ 1 A 

U.U1UZ (1 1 ) 


A A 1 77 /1 1 A 
U.U1 / / (1 1 ) 


A AOAA /1 1 A 

U.UZUU (1 1 ) 


Cj 


n n/i oo /1 oa 

U.U45Z (1ZJ 


A A/1/1 1 (\ OA 

U.U441 (1ZJ 


A AO /C/C /1 1 A 


A AA/CO /'OA 

U.UUOZ \y) 


A AO 1 7 /OA 
U.UZ1 1 \y) 


A A 1 A 1 /QA 

u.uiui ^yj 


Co 


a ao^.7 /oa 
U.UZj / yd) 


A AO 1 O /OA 


A AOC/1 /'OA 

u.uzo4 (y ) 


A AAOO /'/^A 

U.UUZ5 yo) 


A AAQQ /7A 

u.uuyy y 1 ) 


A AAAO /7A 

U.UUU3 y / ) 


C/ 


C\ C\A £.0 /1 OA 
U.U4jZ ylZ) 


A AO n 1 \ 

U.U3 D D [l 1 ) 


A AC AC (\ A\ 

u.ujyj (i4j 


A A 1 /C 1 /QA 

u.uioi (y ) 


A A0Q7 (\ 1 A 

u.uzy / i j 


A A1 no (\ AA 

u.uiyz yv\}) 


Co 


A HIT) /1 AA 
U.U33Z (1UJ 


A A/1 0.1 / 1 1 \ 

U.U43 1 {L 1 J 


A A/1 AC (\ 1 A 

U.U4U3 ^ 1 1 J 


A A1 AA /OA 

u.uiuy j 


A A 1 Q1 /QA 

u.u iy i ^y j 


A A1 AC /QA 

u.u i y j ^y ) 


cy 


a r\AlA /1 OA 
U.U434 \ 


U.UoZo (1 d) 


A A070 (\ OA 

U.U3 /3 (1ZJ 


A A 1 CA / 1 1 A 

— U.U1 jU (11) 


A A 1 1 C / 1 AA 

U.U1 1 j (1UJ 


A A 1 /I /C /I AA 

U.U140 (1UJ 


C1U 


A AC CO /1 OA 

U.UjjJ (13) 


A A1fl7 (\ OA 

u.ujy / (izj 


A A/1 7C / 1 OA 

U.U4 Id {i-J) 


A AAA/Z /1 AA 

U.UUUo (1UJ 


A AO/CC / 1 1 A 
U.UZOJ (1 1 J 


A AAA/C /A A 

u.uuuo (y ) 


CI 1 


A A/1 OA /1 1 A 

U.U4ZU (1 1 ) 


A AOAO (\ A\ 

U.U3U5 


A A/l 1 C (\ 1 A 

U.U41 J (1 1 J 


A AAA 1 /OA 

U.UUU1 {of 


A AOO/1 /OA 

U.UZ34 (y ) 


A AA 1 O /OA 

U.UUIZ (5 ) 


C1Z 


A A/1 /CO /I OA 

U.U40O (,1ZJ 


A A0.7/C (\ 1 \ 

U.U3 /O (,1 1 J 


A A/1/1 C n OA 

U.U44D ^IZJ 


A AAOO /^QA 

u.uuo3 ^y ) 


A AO^Q ^1 /AA 

U.UZjy yi-yJ) 


A AA/AQ /QA 

u.uuuy (y ) 


^1 0 
CI j 


A A/1 £C /I OA 

U.U40D ylZ) 


A A007 ^1 HA 

U.UZo / 


A A/l/l/C /1 OA 

U.U440 \\-L) 


A AA70 /^QA 
U.UU 1 Lyi) 


A A 1 /CA / 1 AA 

U.U10U (1UJ 


A AAO A /OA 

U.UU3U yo) 


C14 


A AT CA /I A A 

U.U3jU (,iuj 


A AO^Q fOA 

u.uzjy (y j 


U.U4U4 (1 1 ) 


A AAA 1 /OA 

U.UUU1 (oj 


A A 1 1 A /QA 

U.U1 1U (oj 


A AAAQ /OA 

u.uuuy (oj 


C15 


A AOA1 /aa 

0.0291 (9) 


A m /I A /AA 

0.0249 (9) 


A All 1 ZO\ 

0.0231 (8) 


A AA 1 *7 /7\ 

0.0017 (7) 


A AA/C 1 /7\ 

0.0061 (7) 


A AA /I A SH\ 

0.0044 (7) 


C16 


0.0248 (8) 


0.0267 (9) 


0.0248 (9) 


0.0025 (7) 


0.0062 (7) 


0.0052 (7) 


C17 


0.0343 (10) 


0.0365 (10) 


0.0370 (11) 


0.0046 (8) 


0.0154 (8) 


0.0001 (8) 


C18 


0.0298 (10) 


0.0513(13) 


0.0397 (11) 


0.0089 (9) 


0.0164 (8) 


0.0089 (9) 


C19 


0.0337 (10) 


0.0461 (12) 


0.0551 (13) 


0.0011 (9) 


0.0216(10) 


0.0161 (10) 


C20 


0.0355 (10) 


0.0303 (10) 


0.0513 (12) 


0.0015(8) 


0.0181 (9) 


0.0084 (9) 



Geometric parameters (A, °) 



Cd— SI 


2.6463 (5) 


C5— H5C 


0.9800 


Cd— S2 


2.7128 (5) 


C7— H7A 


0.9800 


Cd— S3 


2.6518 (5) 


C7— H7B 


0.9800 


Cd— S4 


2.6490 (5) 


C7— H7C 


0.9800 


Cd— N3 


2.4122 (14) 


C8— C10 


1.512 (3) 


Cd— N4 


2.4191 (15) 


C8— C9 


1.523 (3) 


SI— CI 


1.7215 (18) 


C8— H8 


1.0000 


S2— CI 


1.7212 (18) 


C9— H9A 


0.9800 


S3— C6 


1.7168(18) 


C9— H9B 


0.9800 


S4— C6 


1.7290 (17) 


C9— H9C 


0.9800 


Nl— CI 


1.335 (2) 


C10— H10A 


0.9800 


Nl— C2 


1.463 (2) 


C10— H10B 


0.9800 


Nl— C3 


1.488 (2) 


C10— H10C 


0.9800 


N2— C6 


1.336 (2) 


Cll— C12 


1.382 (3) 


N2— C7 


1.469 (2) 


Cll— Hll 


0.9500 


N2— C8 


1.486 (2) 


C12— C13 


1.377 (3) 


N3— Cll 


1.334 (2) 


C12— H12 


0.9500 


N3— CI 5 


1.342 (2) 


C13— C14 


1.382 (3) 
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JN4 — Clo 


1 111 

1.33 / (z) 


JN4 CI / 


1.34U (Z) 


/""") I I") A 

Cz — HzA 


n nonn 
U.VoUU 


/-^"-> inn 
Cz — HzB 




Cz — HzC 


U.yoUU 


C3 — Cj 


1 C 1 C (1 \ 

l.jlj (3) 


C3 — C4 


l.Mo (3) 


V J — 1 1 J 


1 0000 


C4 — H4A 


0.9800 


C4 — H4B 


0.9800 


C4 — H4C 


0.9800 


C5 — H5A 


0.9800 


C5 — H5B 


0.9800 


Ml f^A M/1 

JN3 — C(l — JN4 


1 C 1 C\ 

O /. 1 J (5) 


Ml p J c 1 

IN 3 — Ca — bl 


10Pi O/l //1\ 

120.54 (4) 


M/1 f^A C 1 

in<h — ca — bl 


q/t /1Q //1\ 
60.43 (4) 


\n pj c a 
IN 3 — Ca — b4 


on /;n //i\ 
sy.oO (4) 


M/1 P^ 

JN4 — Ca — b4 


n/ ii //i \ 
120.1 1 (4) 


ci pj C/1 

bl — Ca — b4 


1 A 1 OQfl ( 1 H\ 

143. /6U (1 /) 


Ml P^ CI 

IN 3 — Ca — b3 


1 1 O AO { A\ 

132.02 (4) 


M/1 PJ CO 

JN4 Ca — S3 


n 1 o/: { a \ 
V 1 .60 (4) 


ci pj ci 

bl — ca — b3 


no nnc n c\ 

ys.yuj (1 5) 


c/i ci 
b4 — ca — b3 


/ro nco ( \ A\ 
06. Uj / (14j 


\n pj ci 

IN 3 — Ca — b2 


OO 1 A / A\ 

66.34 (4) 


M/1 (~"A CI 

JN4 — Ca — b2 


1 oo on //i\ 
12 /.6y (4) 


c 1 p J ci 

bl — Ca — b2 


/;o ino / i/i\ 
b 1 Ayl (14) 


C/1 f^A CO 

b4 — Ca — b2 


Q-7 O^ 1 /I 

y /.2j i (i jj 


el pj ci 
b3 — Ca — b2 


ii/i cn /1 /;\ 
134.51 / (10) 


r^i c 1 r^J 
CI — bl — ca 


oo no t (~\ 

o /.ys (0 j 


r^i co r^J 

CI b2 


oc o/i 
6J.64 (0 j 


p/r ci r^J 

CO — b3 — ca 


o/: ^n (&\ 

so. jy (o ) 


p/: C/i pj 
Co — M — Ca 


o/; A A t £L\ 

60.44 (O) 


P1 M1 PO 

CI — JN 1 — C2 


ion /:"7 / 
120.0 / (ID) 


pi M1 po 
CI — JN 1 — C3 


101 no /i/iA 
121.y3 (14) 


PO M1 PO 

C2 — JN 1 — CI 


ii"7no/i/i\ 
1 1 /.02 (14) 


p/; MO PO 

Co — JN2 — C / 


ion co / ic\ 
120.36 (15) 


P£ mo po 
Co — IN 2 — C6 


100 OC /1C\ 

122.65 (15) 


po MO r^O 

C/ — IN 2 — Co 


110.40 (14) 


pi 1 Ml PI C 

CI 1 — JN3 — CIS 


110 oc / 1 /:\ 
116.65 (10) 


pi 1 MQ PJ 

CI 1 — IN 3 — Cd 


10A01 /10\ 

120.61 (12) 


pi r MQ P J 

CO — IN 3 — Ca 


1 on o a ('in 
120.24 (11) 


pi /; m/1 pn 
C16 — IN 4 — CI / 


1 1 0 QQ ( 1 £\ 

us. yy (io) 


pi/ M/1 P J 

Clo — IN 4 — Ca 


iinnc pi i\ 

i ly.ys (ii) 


C17— N4 — Cd 


120.30 (12) 


Nl— CI— S2 


120.15 (13) 


Nl— CI— SI 


120.87 (13) 


S2— CI— SI 


118.97(10) 


Nl— C2— H2A 


109.5 


Nl— C2— H2B 


109.5 



C13— H13 


0.9500 


C14— C15 


1.390 (2) 


C14— H14 


0.9500 


C15— C16 


1.492 (2) 


C16— C20 


1.391 (3) 


C17— C18 


1.382 (3) 


C17— H17 


0.9500 


C18— C19 


1.372 (3) 


C18 — H18 


0.9500 


C19— C20 


1.382 (3) 


C19— H19 


0.9500 


C20— H20 


0.9500 


N2— C6— S3 


120.24 (13) 


N2— C6— S4 


120.93 (13) 


S3— C6— S4 


118.83 (10) 


N2— C7— H7A 


109.5 


N2— C7— H7B 


109.5 


H7A— C7— H7B 


109.5 


N2— C7— H7C 


109.5 


H7A— C7— H7C 


109.5 


H7B— C7— H7C 


109.5 


N2— C8— CIO 


110.03 (16) 


N2— C8— C9 


111.10 (17) 


CIO— C8— C9 


112.31 (16) 


N2— C8— H8 


107.7 


CIO— C8— H8 


107.7 


C9— C8— H8 


107.7 


C8— C9— H9A 


109.5 


C8— C9— H9B 


109.5 


H9A— C9— H9B 


109.5 


C8— C9— H9C 


109.5 


H9A— C9— H9C 


109.5 


H9B— C9— H9C 


109.5 


C8— CIO— HI OA 


109.5 


C8— CIO— HI OB 


109.5 


HI OA— CIO— HI OB 


109.5 


C8— CIO— H10C 


109.5 


HI OA— CIO— H10C 


109.5 


HI OB— CIO— H10C 


109.5 


N3— Cll— C12 


123.01 (18) 


N3— Cll— Hll 


118.5 


C12— Cll— Hll 


118.5 


C13— C12— Cll 


118.27(19) 


C13 — C12 — H12 


120.9 


Cll— C12— H12 


120.9 


C12— C13— C14 


119.36(18) 


C12— C13— H13 


120.3 


C14— C13— H13 


120.3 
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TU1 A /""") [Jin 

hlZA — CZ — H2d 


1 AO C 


/"Ml pi /| pi f 

C13 — C14 — CI D 


1 1 n 1 c /1 o\ 
liy.lD (lo) 


mi PI I rip 

JN 1 — CZ — HZC 


iuy.:> 


pn pi/i tt 1 /i 
C13 — C14 — Jrll4 


1 in a 
1ZU.4 


HZA — CZ — HZC 


1 nn c 
lUV.!) 


PK PI /I TT 1 /I 

CI J — C14 — Jrll4 


1 in a 
1ZU.4 


HZB — CZ — HZC 


1 nn c 


Ml PK p 1 /I 

JN3 — CI J — C14 


111 1 n f 1 n\ 
111.3/ {LI) 


Ml PI nc 

JN 1 — C3 — CD 


1 lU.Zo (1j) 


Ml PK p 1 Z 

JN3 — CI j — Clo 


I 1 r r\*7 C\ C\ 

II j.y / (1 j) 


Ml PI p a 

JN 1 — C3 — C4 


111 i n ( 1 £\ 

lii.jy (io) 


p 1 /l pi f pk 

C 1 4 — C 1 j — C 1 0 


1 11 C & ft* £.\ 

IZZ.00 (lo) 


PC pQ p.| 

CD — C3 — C4 


in lO /1 1\ 

iil.il (1 /) 


M/i pi /: pin 
JN 4 — C 1 0 — CzU 


111 IT /1T> 

Izl.Z / (1 /) 


Ml PI TJ1 

JN 1 — C3 — ri3 


1 n*7 c 


M/i ri/", pk 
JN4 — Clo — CI j 


1 1 /- ni c\ c\ 

llo.UZ (Id) 


PC ("1 TT1 

CD — C3 — ±13 


1 n*7 ^ 


P1H pi/; pk 

CzU — C 1 0 — C 1 D 


1 11 *7n /1 £\ 
ill. /U (lo) 


P/l ri-i TT-i 

C4 — C3 — hi 3 


1 n*7 c 


M/i pn p 1 0 
JN4 — CI / — Clo 


111 *7 £. f\* n\ 

izz. /o (iy) 


r^i r^A 1 1 i a 
C3 — C4 — H4A 


1 nn ^ 


M/i pn 1 1 1 "7 
JN4 — CI / — Jrll / 


1 1 0 /; 

llo.o 


P "J p /] I I ,1 T) 

C3 — C 4 — ri4 r> 


1 nn ^ 


p| 0 P11 O 1 H 

Clo — CI / — rll / 


1 1 0 /: 

1 lo.o 


II A A pyl TT/ID 

H4A — C4 — ±14r> 


1 nn z 


pin pi 0 pn 

ciy — cio — ci / 


110 11 c\ n\ 

1 lo. 3Z (iy) 


p -j a i i i / • 

C3 — C4 — H4 C 


1 nn z 


pm pi 0 TU10 
C 1 y — C 1 0 — Jrl 1 0 


1 in 0 
1ZU.O 


O /I A /~M I I 1 ( • 

H4A — C4 — H4C 


1 nn ^ 


p 1 -7 p 1 0 1 1 1 0 
C 1 / — C 1 0 — Jrl 1 0 


1 in 0 
1ZU.0 


I 1 ,1 T) p a I I ;U " 

±14r> — C4 — H4C 


1 nn ^ 


pi 0 pm 

c 1 0 — c 1 y — CzU 


1 1 n a 0 /1 n\ 

ny.4o (iy) 


pi ps HSA 
v v J run 


IU7.J 


piQ pin U| Q 
v 1 0 v 1 y 1 1 1 y 


1 70 ^ 


C3 — C5 — H5B 


109.5 


C20 — C19 — H19 


120.3 


H5A — C5 — H5B 


109.5 


C19 — C20 — C16 


119.17 (19) 


C3 — C5 — H5C 


109.5 


C19 — C20 — H20 


120.4 


H5A — C5 — H5C 


109.5 


C16 — C20 — H20 


120.4 


H5B — C5 — H5C 


109.5 






JN i — Cd — a 1 — C 1 


ll.JD { I) 


p J c 1 p 1 c 1 

Ca — bz — C 1 — 0 1 


1 11 /Tl\ 

-1.23 (9) 


XT A r^A C 1 

JN4 Cd — M — CI 


133. lo (/) 


p J ci p 1 XT 1 

Ca — bl — Cl — JN 1 


1 *7n 1 £. ( 1 /i\ 

—1 /y.3o (14) 


C A f^A C 1 

b4 — Cd — b 1 — C 1 


in *7/i 
— /U. /4 (0) 


p J C| p 1 c 1 

Ca — b 1 — C 1 — bz 


1 i/i /n\ 

1 -zo (y) 


el r^A c 1 1 
b.5 — Cd — b 1 — C 1 


— 13D.M (0) 


p 1 m 1 PI PC 

Cl — JN 1 — C3 — Cj 


1 nn n a f \ n\ 
-1UU. /4 (iy) 


oo ci 1 
bz — Cd — b 1 — C 1 


n -7/T 

—y). /o (0 J 


pi M1 ( ' 1 ( ' ^ 

CZ — JN 1 — C3 — Cj 


T) 1 /i\ 

/Z.Z (Z ) 


\n t~*A CI 1 

JN j — Cd — b2 — C 1 


— 1Z3.00 ( /) 


p 1 XT] pi p A 

C 1 — JN 1 — C3 — C4 


111 O /I / 1 Q\ 

133. o4 (lo) 


\T A t~"A co r^i 
JN 4 Cd — bz — C 1 


—04.00 { 1) 


P") XT 1 PI P/1 

CZ — JN 1 — C3 — C4 


^1 1 /^i\ 
—ji.l (Z ) 


ei /^j co r^i 
b 1 — Cd — bz — C 1 


V). /o (0) 


p-7 XT', P /. CQ 

C / — JNZ — Co — b3 


1 0 /i\ 
-Z.o (Z) 


c/i r*A co r^i 
b4 — Cd — bz — C 1 


140. /3 (0) 


po Ml ( ' Q1 

Co — JN Z — Co — b3 


— i /o. /4 (14) 


ei r^A co r^i 
b J — Cd — b2 — C 1 


on c 1 
oU.M (0) 


p^ Ml / • /C C/1 

C / — JNz — Co — b4 


1 "7*7 1 A ( A C\ 
1 / / . /4 (1 J) 


mi r^A ei r^c 
JN j — Cd — b 5 — Co 


/^n 0 1 /"7\ 

-oy.oi (/) 


p 0 Ml p /: C/1 

Co — JN Z — Co — b4 


1 O /1\ 

1.8 (2) 


~KTA f^A C 1 f^C 

JN4 — Cd — b3 — Co 


-13U.Z3 {/) 


P j ci P/: mi 

ca — b3 — Co — JNZ 


1 H& £Z ( 1 A\ 

~i /O.OJ (14) 


ci f^A ei r^c 
bl — Cd — b3 — Co 


143. uy (0) 


p j c 1 / • /; c /I 

Ca — b3 — Co — b4 


1 *7n /n\ 

1. Iy (y) 


C/1 f^A CI r^z. 

b4 — Cd — b3 — Co 


—[. 11 (0) 


p j c/1 p ^ XT1 

ca — b4 — Co — JN z 


1 1£ /I / 1 A \ 

1 /0.o4 (14) 


co f^A ci r^t. 
bz — Cd — bj — Co 


/0.43 (0) 


p j c /I / • /; c 1 

Ca — b4 — Co — b3 


1 *7n /n\ 

— 1. /y (y) 


Ml t~*A C/1 f^C 

JN i — Cd — b4 — Co 


1lO 11 fH\ 

135.13 (/) 


p /; mi p 0 pin 
Co — JN Z — Co — C 1 U 


1 n/^ c /i\ 
IUO.J (Z) 


~kta r^A c/i r^/: 
JN4 Cd — b4 — Co 


"7*7 in /*7\ 

/ /.zU ( /) 


p-7 mi p 0 pm 
C / — JN Z — Co — C 1 U 


/rn c /1\ 

— oy.D (z) 


ci r^A c/i f^c 
b 1 — Cd — b4 Co 


— 11.11 (0) 


s • a mi p 0 pn 
Co — JN Z — Co — cy 


110 /i 0 / 1 n\ 
— lZo.4o (iy) 


ci f^A c/i r^/: 
bj — Cd — b4 — Co 


1 1 1 

1.71 (6) 


p-7 XTT po pn 
C / — JNZ — Co — Cy 


f f c /i\ 
DD.D (Z) 


co c^A c/i r^t. 
bz — Cd — b4 Co 


111 / 

— 133. jy \p) 


( • 1 c Ml p 1 1 p 1 1 

Cl J — JN3 — Cll — C1Z 


0.9 (3) 


~KTA f^A Ml pi 1 

JN4 Cd — JN3 — Ci 1 


1 *7^ /I / 1 C\ 

1 / j.4o (1 j) 


p J Ml PI 1 P 1 1 

Ca — JN3 — Cll — Clz 


1 "7C a r\ { 1 c\ 
-1 /5.40 (15) 


c 1 A \T1 rn 

bl — Cd — JN3 — Cll 


11T t>T /I T\ 

-113.63 (13) 


mi P11 P11 pn 

JN3 — Cll — C12 — C13 


-0.7 (3) 


S4— Cd— N3— Cll 


45.48 (14) 


Cll— C12— C13— C14 


0.0 (3) 


S3— Cd— N3— Cll 


104.86 (14) 


C12— C13— C14— C15 


0.4 (3) 


S2— Cd— N3— Cll 


-51.79(14) 


Cll— N3— C15— C14 


-0.4 (3) 


N4— Cd— N3— C15 


-0.80 (12) 


Cd— N3— C15— C14 


175.94 (13) 


SI— Cd— N3— C15 


69.92 (13) 


Cll— N3— C15— C16 


-179.77 (16) 
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C A 

M- 


p J \T1 pi f 

-Id — JN 3 — C 1 j 


— 13U. /S ( 12) 


PJ \n pi r 

Ca — JN 3 — C 1 5 — C 1 0 


-3.4!) {[y) 


Cl 

S3- 


pi j \n ni r 

-Id — JN 3 — C 1 j 


"71 nn /1 T\ 

— li.iy (13) 


p 1 /i nc \n 
C13 — C14 — C15 — JN3 


-0.3 (3) 




-Id — JN 3 — C 1 d 


Ji J.VD (12) 


P11 pn pK pi<r 

C13 — C14 — CI 5 — C16 


l /y.u / (l /) 


JN i- 


pj \T/| P 1 /Z 

— ca — JN4 — Clo 


J. 04 ( 12) 


r^i"7 tvt/1 c^\c no 
CI / — JN4 — CI 6 — C2U 


-0.5 (3) 


C 1 

bl- 


-Id — JN4 — Clo 


1 ">n Pi/: / 1 ">\ 
— 120.06 (12) 


PJ ~K1A PI £ Pin 

Ca — JN 4 — C 1 0 — C20 


loy.jo (13) 


a4- 


pj \T/i p i /r 

— ca — JN 4 — C 1 0 


11 1 "7 f"\ 1\ 
//.J / (1.3 ) 


P 1 "7 M/1 PK pi r 

CI / — JN4 — CIO — CI J 


—i /y.4o (i d) 


ai- 


pj \T/i p i zr 

— ca — JN 4 — C 1 o 


1/11 n m\ 
141. 13 (12) 


pj xt/1 r^i^ r^i ^ 
Ca — JN4 — ClD — CI 5 


Q /ll f 1 G\ 

— y.43 {ly) 


az- 


pj \T/i p i /r 

— ca — JN 4 — C 1 o 


/;"> -7Q (\ A \ 

—62. /y (14) 


mi pk i /; M/i 
JN3 — CI J — CIO — JN4 


8.4 (2) 


JN J- 


P J \T yi PH 

— ca — JN4 — CI / 


J /5.54 ( J 5) 


PH pk pi<r M/1 

C14 — C15 — Clo — JN4 


1 ^71 r\r\ ( 1 /z\ 
— 1 /l.UU (lo) 


C1 

a 1- 


— ca — JN4 — CI / 


ACl QA / 1 1\ 

4y.64 (13) 


Ml PK PK pin 

JN 3 — C 1 J — C 1 0 — C20 


— Y /U.OU (lOj 


C A 

M- 


P J \T yi PH 

— Cd — JN4 — CI / 


i n ni /I t\ 
-JJ2.V3 (13) 


p 1 a pic pu pin 
C 1 4 — C 1 5 — C 1 0 — C2U 


1U.U (3) 


S3- 


p j xt /i pn 
— Ca — JN4 — CI / 


/i o n"7 { 1 /i\ 
—48. y/ (14) 


pi£ M/1 P 1 H P1Q 

Clo — JN4 — CI / — Clo 


A 1 {1\ 

-0.1 (3) 


S2- 


p J XT /I P 1 *7 

— Ca — JN4 — CI 7 


ia~7 11 n i\ 
10 /.1 1 (13) 


pj M/i pn pio 

Ca — JN4 — CI / — Clo 


1 ir\ r\c\ pi /i \ 

-170.09 (14) 


C2- 


-Nl— CI— S2 


7.9 (2) 


N4— C17— C18— C19 


0.6 (3) 


C3- 


-Nl— CI— S2 


-179.35 (13) 


C17— C18— C19— C20 


-0.5 (3) 


C2- 


-Nl— CI— SI 


-171.46(15) 


CI 8— CI 9— C20— C16 


-0.1 (3) 


C3- 


-Nl— CI— SI 


1.3 (2) 


N4— CI 6— C20— C19 


0.5 (3) 


Cd- 


-S2— CI— Nl 


179.38 (14) 


C15— C16— C20— C19 


179.47(18) 



Hydrogen-bond geometry (A, °) 

D—H-A D — H H-A D—A D—H-A 

C18— H18-S2 i 0.95 2.78 3.712 (2) 167 
Symmetry codes: (i) x-l,y, z. 
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